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Outline 



♦ Moon Next Options 
♦Streetview Architectures 

♦ Human Lunar Return Assessment 
♦Overall Observations 


Current GER: Designed with SLS Block 2 



Updates toGER-1 
Assumptions 

• All GER-1 mission 
scenarios assumed SLS 
Block 2 available 

• Recent developments 
suggest Block 2 will not 
be available for Early 
DRM phase 

• Need to examine Block 1 
impacts to architecture 

• As updates to Block 1 are 
still in work, Block 1A 
will be referred to as 
Block 1+ 
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• Consider infusion of a to- 
be-defined DSH- 
protoype (DSH-p) 
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Lunar Surface Lunar Orbit 


Option # with SLS Block 1+ 
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Smaller SLS requires remanifesting 
of surface activities. 

Options to Consider: 

1. Re-focus & modify Orion to: 

a. Enable demo tele-operation 
(short 5 day duration) 

b. Enhance lunar sample return 

2. Delay landing cargo needed for HLR 
mission 
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Deep Space Habitat 










Lunar Surface Lunar Orbit 


Option with SLS Block 1+ and DSH-Prototype 
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Introduction of deep space habitat requires re-prioritization of lunar surface strategy. 

Options to Consider: 

1. Add telerobotic opportunty for vibrant crew interaction 

2. Focus on robotic and technology demos that feed forward to Mars or NEA exploration needs 

3. Consider adding sample return mission from Moon or NEA (DSH enhances mission) 

4. Delay landing cargo needed for Human Lunar Return mission 
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Lunar Surface Lunar Orbit 


Option ; with Update to Block 1+ from SLS Block 1 
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BLOCK1 + SLS - 105 t to LEO 


DSH - Deep Space Habitat 












Lunar Surface Lunar Orbit 


Option #4 with Update to Block 1+ from SLS Block 1 and DSH-p 
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Introduction of deep space habitat requires re-prioritizcltion of lunar surface strategy. 

Options to Consider: 

1. Add telerobotic opportunty for vibrant crew interaction 

2. Focus on robotic and technology demos that feed forward to Mars or NEA exploration needs 

3. Consider adding sample return mission from Moon or NBA (DSH enhances mission) 
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Assessing Core Activities by Option 
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Comparing with and without DSH-prototype 
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Assessing Core Activities by Mission 
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GER: Moon Next Scenario: 

Two Choices with 6 Possible Paths 




♦ Maximize Usage of Available Architecture 
Elements 

• Availability of Service Module as strategic lunar 
lander asset 

• If DSH is available, could lander be reusable 

• Trade number of stages versus reusability 

♦ Assess Required Capabiliy 

• SLS Block 1 Limits 

• SLS Block 1+ Limits 

• Desired capability: Number of crew, duration 

• Impact of reuse on mass and cost 

♦ 2-Crew Options Analyzed 

• 2-Stage Lander with Reusable Crew Module 

• 1-Stage Lander with Reusable Crew Module and 
disposable Service Module 
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Modified HLR Option: 2-Stage Lander with Reusable Crew Module 


ISECG 




♦ Reusable Lander Concept 

• Two part lunar lander stages on the ground like Apollo 

• A Lunar Crew Module (LCM) is reusable; descent stage remains on surface. 



Key Takeaway: A sizeable solution space for a 2-stage lander exists within SLS Block 1+ capability. 
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New HLR Option: 1-Stage Lander with Service Module 


ISECG 




♦ 3-Part Modular and Reusable Lander Concept 

• Use of Service Module for multiple purposes minmizes new element costs 

• Lunar Crew Module (LCM) could dock to DSH-prototype 


E-M L2 Orbit 



Descent on LSM 
(DV dependent on 
target orbit) 

& 


Continued Ascent on 
Lander (DV dependent 
on target orbit) 




HLR 

Continued Descent 
on Lander 
(-1,700 m/s) 


LSM 

Discarded 


snll 


Ascent on 
Lander (~2,000 
m/s) 


Vehicle Sizing Trades and Limits 


Delivery to Cis-Lunar Space: LCM/LPM/LSM Architecture 


90 


80 


70 


60 


to 

2 50 


al Parametric Monte Carlo Boundary 
SLS Block 1+ Limit 
FEASIBLE AREA: SLS Block 1 + 

0 NASA Parametric Estimate 
° NASA Bottoms-up Estimate 


No Block 1 
solutions exist 
without SLS 
element to 
perform LOI 




Low Margin of error to 
obtain feasible 
solutions for Block 1+. 


LLO 


High Elliptical Lunar Orbit 


L1/L2 Halo 


4000 4200 4400 4600 4800 5000 

Total DV Expended (m/s) 


5200 


5400 


5600 


Key Takeaway: A small solution space for a single stage lander exists within the Block 1+ capability. 
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Observations 



♦ Advantages of adding DSH-prototype option to Early DRM 

Phase 

• Enables unique opportunities for science, technology and 
robotic/human interaction 

• Enables reusability which offers opportunity for fewer launches 

• Enables smaller launch vehicle access (e.g. EELV, Arianne, H-ll class) with 
cis-lunar aggregation point (staging node) 

• Enables options for contingency scenarios and additional robustness in 
architecture 

♦ Need to assess how inclusion of DSH-prototype will impact 

GER 1 Strategy for surface exploration (forward work post 

GER M2 publication) 
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